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ELECTROWEAK INTERACTIONS – THEORY
S. POKORSKI
Institute of Theoretical Physics, Warsaw University, 00-681 Hoz˙a 69, Warsaw, Poland
Plenary talk given at the XXVIII International Conference on High Energy Physics, 25-31 July, 1996, Warsaw,
Poland.
In the first part of this talk there is given a
very brief review of the status of the Standard
Model (SM). In the second part I discuss elec-
troweak interactions and physics beyond the SM.
1 Status of the Standard Model
The status of the SM is measured by a comparison
of precision data with precision calculations. The
data are summarized by Alain Blondel 1 and the
precision calculations have been reviewed in the
parallel session 2. Not only complete one-loop cal-
culations of the electroweak observables are avail-
able (already for several years) but also a steady
progress is being made in including the dominant
higher order effects (QED corrections, QCD cor-
rections, top quark mass effects, resummation of
the leading terms, (some) 2-loop weak corrections,
. . .). I’ll limit my discussion of those matter to a
few remarks on selected topics, of particular inter-
est during this conference.
1.1 Muon anomalous magnetic moment
One of the best measured electroweak observables
is the muon anomalous magnetic moment
aµ = (gµ − 2)/2 = (116592300± 850)× 10−11
The present accuracy, ∼ 10−3%, is by factor two
better than the accuracy of the results for the
Fermi constant Gµ and the Z
0 boson mass MZ .
Still, this accuracy is sufficient to test only the
QED sector of the SM 3. A renewed interest
in the muon anomalous magnetic moment is due
to the forthcoming Brookhaven National Labora-
tory experiment, with the anticipated accuracy
±40 × 10−11. A test of the one-loop weak cor-
rections ∼ 195 × 10−11 becomes then, in princi-
ple, possible. The weak 2-loop terms have recently
been also calculated4 and found to be small, giving
(152± 3)× 10−11 for the combined one- and two-
loop correction. Unfortunately, the theoretical
precision of the SM prediction is overshadowed by
the large uncertainty in the hadronic photon vac-
uum polarization 5, ±153× 10−11, (i.e. of exactly
similar magnitude as the weak corrections and by
factor 3 larger than the expected experimental er-
ror!) and (to a lesser extent) by some controversy
on the contribution from the light-by-light scat-
tering mediated by quarks, as part of the 3-loop
hadronic contribution 6. In conclusion the present
comparison between the theory and experiment,
aexpµ − athµ = (543± 865)× 10−11, is dominated by
the experimental error. With the anticipated ac-
curacy, δaexpµ = ±40× 10−11, it will be dominated
by the uncertainty in the hadronic vacuum polar-
ization, and the weak corrections can be tested
only after a substantial reduction of this uncer-
tainty. This can only be achieved by new measure-
ments of the cross section for e+e− → hadrons
in the low energy range. Under the same condi-
tion, the precise measurement of aµ will be a very
important test of new physics, sensitive to mass
scales beyond the reach of the present accelerators
7. (Even the present result puts some constraints,
though mariginal, on the parameter space in the
Minimal Supersymmetric Standard Model.)
1.2 Z0-pole observables
Turning now to the bulk of the electroweak preci-
sion measurements (MW , Z
0-pole observables, νe,
lp, . . .) one should stress that the global compar-
ison of the SM predictions with the data shows
impressive agreement. Both, the experiment and
the theory have at present similar accuracy, typi-
cally O(1 0/
00
)! The dramatic change in the data,
reported at this conference, are the new values for
Rb and Rc discussed in detail in the previous talk.
Both are now in agreement with the SM. The pre-
dictions of the SM are usually given in terms of
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the very precisely known parameters Gµ, αEM ,
MZ and the other three parameters αs(MZ), mt,
Mh. The top quark mass and the strong cou-
pling constant are now also reported from inde-
pendent experiments with considerable precision:
mt = (175± 6) GeV and αs(MZ) = 0.118± 0.003,
but those measurements are difficult and it is safer
to take αs,mt,Mh as parameters of an overall fit.
Such fits give values of mt and αs very well con-
sistent with the above values 1.
The theoretical uncertainties in the SM pre-
dictions (for fixed mt, Mh, αs) come mainly from
the RG evolution of αEM ≡ α(0) → α(MZ) (to
the scale MZ) which depends (again!) on the
hadronic contribution to the photon vacuum po-
larization α(s) = α(0)/(1−∆α(s)) where ∆α(s) =
∆αhadr+ . . . and ∆αhadr = 0.0280± 0.0007 5 (un-
fortunately, it is a different function of σ(e+e− →
hadrons) than for the muon anomalous magnetic
moment). The present error in the hadronic vac-
uum polarization propagates as O(1 0/
00
) errors in
the final predictions. The other uncertainties come
from the neglected higher order corrections and
manifest themselves as renormalization scheme de-
pendence, higher order arbitrariness in resumma-
tion formulae etc. Those effects have been esti-
mated to be smaller than O(1 0/
00
), hence the con-
clusion is that the theory and experiment agree
with each other at the level of O(1 0/
00
) accuracy.
In particular, the genuine weak loop corrections
are now tested at O(5σ) level and the precision is
already high enough to see some sensitivity to the
Higgs boson mass.
1.3 The Higgs boson in the SM
The electroweak observables depend only logar-
itmically on the Higgs boson mass (whereas the
dependence on the top quark mass is quadratic).
Global fits to the present data give Mh ≈ 145+160−80
GeV and the 95% C.L. upper bound is around 600
GeV ?. Thus, the data give some indication for a
light Higgs boson. (It is worth noting thatMh = 1
TeV is >∼ 3σ away from the best fit). The direct ex-
perimental lower limit on Mh is ∼ 65 GeV. These
results should be placed in the context of the the-
oretical lower and upper bounds for the SM Higgs
boson mass (for extensive list of references see eg.
8), which are interesting to remember, particularly
since some of them are now more relevant because
of the heaviness of the top quark. First of all, there
Figure 1: Triviality (upper) and stability (lower) bounds
on the SM Higgs boson mass as a function of the top-quark
mass for different cut-off scales Λ. The figure has been
taken from ref. 8.
are quite general (and therefore rather weak) up-
per bounds which follow from the requirement of a
unitary and weakly interacting theory at MZ . We
get thenMh ≤ O(1 TeV). More interesting bounds
are scale dependent and are known under the name
of triviality (upper) bound and vacuum stability
(lower) bound. They are shown in Fig.1 for sev-
eral values of the cut-off scale Λ (the bounds are
obtained by requiring perturbative theory, with a
stable vacuum, up to the scale Λ).
Particularly strong are the bounds if the SM is
to be valid up to the GUT scale: formt = (175±6)
GeV one gets 140 GeV ≤ Mh ≤ 180 GeV. If Mh
was smaller than 140 GeV then this would give us
a direct information on the presence of new physics
at scales below MGUT . For instance, as seen in
Fig.1, Mh ∼= 80 GeV would imply new physics
below 1 TeV (but, in general, not vice versa; the
supersymmetric Higgs sector is discussed later).
1.4 Scattered clouds on the status of the SM
The overall global succes of the SM is a bit over-
shadowed by a couple of (quite relevant!) scat-
tered clouds. The results for Rb are still prelimi-
nary and differ by about 2σ between different ex-
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periments. The world average is only 1.8σ away
from the SM prediction but with the error which
is the same as the maximal possible enhancement
of Rb in the Minimal Supersymmetric Standard
Model (see later).
The effective Weinberg angle is now reported
with a very high precision. However, this result
comes from averaging over the SLD and LEP re-
sults which are more then 3σ apart. Moreover, a
crucial role in the final result (and in particular,
in the smallnes of the error) is played by the mea-
surement of the forward-backward asymmetry in
the bb¯ channel. However, the value of the so-called
Ab parameter:
Ab = (g
b
L)
2 − (gbR)2
(gbL)
2 + (gbR)
2
(1)
where
LZbb¯ ≡
e
4sW cW
Z0µb¯γ
µ(gbL(1− γ5) + gbR(1 + γ5))b
extracted from the same measurement is 3σ be-
low the SM prediction. One may have, therefore,
some doubts whether systematic errors in the mea-
surement of Ab,0FB have been properly taken into
account (e.g. QCD corrections to this observable
may cause some problems). If this measurement
is omitted from the final average over sin2 θlepteff ,
then the result is closer to the SLD value and with
larger error. We shall return to the relevance of
the result for sin2 θlepteff for new physics in the con-
text of the MSSM.
Of course, it is not totally excluded that the
present value of Ab is the correct one. This possi-
bility looks unlikely, though. Indeed
Ab = A0b + 2
(1−A0b)g0LǫL − (1 +A0b)g0RǫR
(g0L)
2 + (g0R)
2
(2)
where the superscript ”0” denotes the SM value,
gL,R = g
0
L,R + ǫL,R and physics beyond the SM
contributes to ǫL,R. It is difficult to obtain large
negative δAb since A0b ≈ 1 and g0R ≈ 0. Morover,
δAb ≈ 5.84× (1−A0b)× δRb (3)
if ǫL 6= 0, ǫR = 0, and
δAb ≈ −5.84× (1 +A0b)× δRb (4)
if ǫR 6= 0, ǫL = 0. Thus, e.g. for δRb ≈ 0.002 , we
can get δAb ≈ −0.023 but we need a large (tree
level ?) effect on gR and ǫL ∼ 0 15.
2 Electroweak Interactions
and Physics Beyond the SM
The overall success of the SM and, in particular,
the new values of Rb and Rc reported at this con-
ference, have an important impact on speculations
on new physics. Any purely experimental motiva-
tion for new physics has disappeared. Therefore,
I am not going to discuss ad hoc models suggested
to explain previous values of Rb and Rc. Simi-
larly, the direct phenomenological interest in the
models with Z0′ has evaporated: the generation-
blind couplings are no longer supported and lepto-
phobic Z0′ has become now both leptophobic and
hadrophobic (of course, there is some continous
theoretical interest in models with Z0′ which re-
mains unchanged; such models need not imply any
strong phenomenological consequences at the elec-
troweak scale). With the experimental results no
longer pressing for new physics, the proper ques-
tion to ask now is what room do they leave for
physics beyond the SM close to the electroweak
scale. This question is important for those exten-
sions of the SM which have independent theoret-
ical motivation and, of course, for future experi-
ments at LEP2 and LHC. Since technicolour ideas
have already been discussed10, in this talk I focuss
on supersymmetry.
2.1 Introduction to the Minimal Supersymmetric
Standard Model
Supersymmetry is of interest for a number of rea-
sons. It is likely that it is linked to the electroweak
symmetry breaking (hierarchy problem). It is at
present the only theoretical framework which al-
lows to extrapolate to very short distances (Planck
length). It is an appealing mathematical struc-
ture. Supersymmetric field theories have several
interesting properties which make them more pre-
dictive that non-supersymmetric theories. And
finally, on the purely pragmatic level, the Mini-
mal Supersymmetric Standard Model is so far the
only framework beyond the SM which addresses
the phenomenology of elementary interactions at
the electroweak scale and just above it in a com-
plete and quantitative way. As such, it plays an
important stimulating role in experimental search
for physics beyond the SM.
The minimal model is based on the three main
assumptions:
3
a) minimal particle content consistent with the
known spectrum and supersymmetry
b) most general soft supersymmetry breaking
terms which are SUc(3) × SUL(2) × UY (1)
symmetric
c) R-parity conservation
Two ”mild” extensions of the minimal model
include the models with R-parity explicitly bro-
ken and those with additional full SU(5) matter
multiplets, at ”low” scale. New R-parity violat-
ing couplings in the superpotential must be small
enough to avoid problems with the baryon and lep-
ton number violating processes. Additional com-
plete SU(5) multiplets do not destroy the unifica-
tion of couplings.
2.2 MSSM and precision data
The simplest interpretation of the success of the
SM is that the superpartners are heavy enough to
decouple from the electroweak observables. Ex-
plicit calculations (with the same precision as in
the SM) show that this happens if the common
supersymmetry breaking scale is ≥ O(300 − 400)
GeV. This is very important as such a scale of su-
persymmetry breaking is still low enough for su-
persymmetry to cure the hierarchy problem. How-
ever, in this case the only supersymmetric signa-
ture at the electroweak scale and just above it is
the Higgs sector. The Higgs sector in the MSSM
has been extensively studied in the recent years.
The one- 11 and two-loop 12 corrections to the
Higgs boson masses have been calculated and a
light Higgs boson, Mh ≤ O(150) GeV, is the most
firm prediction of the MSSM. This prediction is
consistent with the SM fits discussed earlier. We
can, therefore, conclude at this point that the su-
persymmetric extension of the SM, with all super-
partners ≥ O(300) GeV, is phenomenologically as
succesful as the SM itself and has the virtue of
solving the hierarchy problem. Discovery of a light
Higgs boson is the crucial test for such an exten-
sion.
The relatively heavy superpartners discussed
in the previous paragraph are sufficient for ex-
plaining the success of the SM. But is it neces-
sary that all of them are that heavy? Is there
a room for some light superpartners with masses
O(MZ) or even below? This question is of great
importance for LEP2. Indeed, a closer look at the
electroweak observables shows that the answer to
this question is positive. The dominant quantum
corrections to the electroweak observables are the
so-called ”obligue” corrections to the gauge boson
self-energies. They are economically summarized
in terms of the S, T, U parameters
S ∼ Π′3Y (0) = Π′L3,R3 +Π′L3,B−L (5)
(the last decomposition is labelled by the SUL(2)×
SUR(2)× UB−L(1) quantum numbers)
αT ≡ ∆ρ ∼ Π11(0)−Π33(0) (6)
U ∼ Π′11(0)−Π′33(0) (7)
where Πij(0) (Π
′
ij(0)) are the (i,j) left -handed
gauge boson self-energies at the zero momen-
tum (their derivatives) and the self- energy cor-
rection to the S parameter mixes W±µ and Bµ
gauge bosons. It is clear from their defini-
tions that the parameters S, T, U have impor-
tant symmetry properties: T and U vanish in
the limit when quantum corrections to the left-
handed gauge boson self-energies have unbroken
”custodial” SUV (2) symmetry. The parameter S
vanishes if SUL(2) is an exact symmetry (notice
that, since 3L × 3R = 1 ⊕ 5 under SUV (2), ex-
act SUV (2) is not sufficient for the vanishing of
S). The success of the SM means that it has just
the right amount of the SUV (2) breaking (and of
the SUL(2) breaking), encoded mainly in the top
quark-bottom quark mass splitting. Any exten-
sion of the SM, to be consistent with the preci-
sion data, should not introduce additional sources
of large SUV (2) breaking in sectors which couple
to the left-handed gauge bosons. In the MSSM,
the main potential origin of new SUV (2) break-
ing effects in the left-handed sector is the splitting
between the left-handed stop and sbottom masses:
M2
t˜L
= m2Q +m
2
t − cos 2β(M2Z − 4M2W )
M2
b˜L
= m2Q +m
2
b − cos 2β(M2Z + 2M2W ) (8)
The SUV (2) breaking is small if the common soft
mass m2Q is large enough. So, from the bulk of
the precision data one gets a lower bound on the
masses of the left-handed squarks of the third gen-
eration a. However, the right-handed squarks can
be very light, at their experimental lower bound
aAdditional source of the SUV (2) breaking is in the A-
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Figure 2: Lower bounds on the heavier stop, t˜2, as a func-
tion of Mt˜1 . The solid line shows the bound fromMh > 60
GeV and the requirement of a good χ2 fit to the electroweak
observables. The dashed lines show the bounds obtained
from the b → sγ constraint for two values of the CP -odd
Higgs boson massMA. The latter bound is obtained under
the assumption that the chargino masses m
C
±
1
= 90 GeV.
∼ 45 GeV. Another interesting observation is that
in the low tanβ region the top squark masses are
strongly constrained also by the present experi-
mental lower bound on the lightest supersymmet-
ric Higgs boson mass, Mh ≥ 60 GeV. For low
tanβ, the tree level Higgs boson mass is close
to zero and radiative corrections are very impor-
tant. They depend logarithmically on the product
Mt˜1Mt˜2 . In Fig.2 we show the lower bound on the
mass of the heavier top squark as a function of the
mass of the lighter stop, which follows from the re-
quirement that a fit in the MSSM is at most by
∆χ2 = 2 worse than the analogous fit in the SM
and from the lower bound on Mh. The limits on
the stop masses obtained from the bound on Mh
are of similar strength as the χ2 limits but apply
only for low tanβ. The important role played in
the fit by the precise result for sin2 θlepteff is illus-
trated in Fig.3. The world average value (used
in obtaining the bounds shown in Fig.2) is ob-
terms. In principle, there can be cancellations between
the soft mass terms and the A-terms, such that another
solution with small SUV (2) breaking exists with a large
inverse hierarchy m2
U
≫ m2
Q
. This is very unnatural from
the point of view of the GUT boundary conditions and here
we assume m2
Q
> m2
U
.
Figure 3: Predictions for sin2 θlept
eff
in the SM (the band
bounded by the dashed lines) and in the MSSM (solid lines)
as functions of the top-quark mass. Dotted line shows the
lower limit in the MSSM if all sparticles are heavier than
Z0. The SLC and the (average) LEP measurements are
marked by horizontal dash-dotted lines.
tained in the SM model with mt = (175± 6) GeV
and Mh ∼ (120 − 150) GeV, with little room for
additional supersymmetric contribution. Hence,
the relevant superpartners (t˜L and b˜L) have to be
heavy. With lighter superpartners, one obtains the
band (solid lines) shown in Fig.3. We see that the
SLD result for sin2 θlepteff leaves much more room for
light superpartners. Thus, settling the SLD/LEP
dispute is very relevant for new physics.
All squarks of the first two generations as well
as sleptons can be very light, ≤ O(MZ), and the
success of the SM in the description of the pre-
cision electroweak data is still maintained. The
same applies to the gaugino/higgsino sectors, since
they do not give any strong SUV (2) breaking ef-
fects. In conclusion, most of the superpartners de-
couple from most of the electroweak observables,
even if very light, ≤ O(MZ). This high degree of
screening follows from the basic structure of the
model.
The remarkable exception is the famous Rb
13. Additional supersymmetric contributions to
the Z0b¯b vertex, precisely from the chargino-right-
handed stop loop, can be non-negligible when both
are light (and from the CP -odd Higgs loop in the
large tanβ region). (Note that those contribu-
5
Figure 4: Contours of constant lighter chargino masses
m
C
±
1
=80, 90, 100 GeV (solid lines) and of δRb×103 =2.0,
1.5, 1.0, 0.5 (dashed lines) in the (µ,M2) plane for mt =
175 GeV and tan β =
√
2. The region below the lines
m
C
±
1
=80 GeV is excluded after the LEP run at
√
s = 161
GeV.
tions do not change the value of Ab as they domi-
nantly modify the left-handed effective coupling.)
However, even with the chargino and stop very
light, at their present experimental mass limit, in
the MSSM the prediction for Rb depends on the
chargino composition and on the stop mixing an-
gle. The values ranging from 0.2158 (the SM pre-
diction) up to 0.218 (0.219) for small (large) tanβ
can be realistically obtained (given all the exper-
imental constraints) 14. No significant modifica-
tion of the SM result for Rc is possible, though.
This predictions hold with or without R-parity
conservation and with or without the GUT rela-
tion for the gaugino masses. The upper bound is
reachable for chargino masses up to O(90 GeV)
provided they are mixed gaugino-higgsino states
(M2/|µ| ∼ 1). In the same chargino mass range
δRb → 0 in the deep higgsino and gaugino regions.
Clearly, the new values ofRb and Rc are good news
for supersymmetry! At the same time, one should
face the fact that, unfortunately, in the MSSM
δRmaxb ∼ O(1 σexp)
so much better experimental precision is needed
for a meaningful discussion. The contours of δRb
in the (M2, µ) plane are shown in Fig.4.
2.3 Other effects of light superpartners?
There are several well known supersymmetric con-
tributions to rare processes. In particular, in
the soft terms supersymmetry may provide new
sources of flavour violation. However, even as-
suming the absence of such new effects, there are
obvious new contributions when the W± − q SM
loops are replaced by the H±− q loops and by the
W˜±(H˜±)− q˜ loops. Those can be expected to be
very important in the presence of a light chargino
and stop and they contribute to all best measured
observables: εK-parameter for the K¯
0-K0 system,
∆mB from B¯
0-B0 mixing and BR(b→ sγ).
There are two important facts to be remem-
bered about these contributions. They are present
even if quark and squark mass matrices are diag-
onal in the same super-Kobayashi-Maskawa basis.
However, the coupling in the vertex diu˜jC
− de-
pends on this assumption and can depart from
the K-M parametrization if squark mass matri-
ces have flavour-off diagonal entries in the super-
Kobayashi-Maskawa basis. Some of those entries
are still totally unconstrained and this is precisely
the case for the (right) up squark mass matrix,
that is relevant e.g. for the couplings bt˜RC
−.
Still, sizeable suppression compared to the K-M
parametrization requires large flavour-off diagonal
mass terms, of the order of the diagonal ones. To
remain on the conservative side, we discuss the ef-
fects of a light chargino and stop on rare processes
under the assumption of theK-M parametrization
of the chargino vertices. The recent completion
of the next-to-leading order QCD corrections 16 to
BR(b→ sγ) leaves much less room for new physics
which gives an increase in this branching ratio and
favours new physics which partially cancels the
Standard Model contribution to the b→ sγ ampli-
tude. This is generic for chargino-stop contribu-
tions with light particles (for low tanβ) whereas
the charged Higgs contribution adds positively to
the SM contribution.
It is interesting to present the lower bounds on
the CP -odd scalar mass MA (which to a good ap-
6
Figure 5: Lower bounds on the CP -odd Higgs boson mass,
MA, as a function of the lighter chargino composition
r ≡ M2/|µ| for mC±
1
= Mt˜1 = 90, 150 and 300 GeV for
negative (solid lines) and positive (dashed) values of µ.
proximation is in one to one correspondence with
the charged Higgs boson mass) for several val-
ues of the chargino and lighter stop masses and
as a function of the chargino composition mea-
sured by the ratio r =M2/|µ|. For mC+ =Mt˜1 >
500 GeV, the chargino - stop loop contribution is
totally suppressed and we get the strong bound
MA ≥ 500 GeV. For a lighter stop and chargino,
their contribution can cancel positive contribution
from the charged Higgs exchange and the limit on
MA is much weaker, except for the gaugino - like
charginos which contribute weakly to b→ sγ (see
Fig.5).
The second important remark is that the el-
ement Vtd ≈ Aλ3(ρ − iη) (in the Wolfenstein
parametrization), which is necessary for the cal-
culation of the chargino and charged Higgs boson
loop contribution to the ǫ¯K parameter and the B¯
0-
B0 mixing, is not directly measured. Its SM value
can change after the inclusion of new contribu-
tions. Thus the correct approach is the following
one: take e.g.
∆mB ≈ f2BdBBd | VtbV ⋆td |2| ∆ | (9)
where
∆ = ∆W +∆NEW (10)
is the sum of all box diagram contributions, fBd
and BBd are the B
0 meson decay constant and the
vacuum saturation parameter. The CP violating
parameter εK can also be expressed in terms of
∆. Given | Vcb |, and |Vub/Vcb| (known from the
tree level processes i.e. almost unaffected by the
supersymmetric contributions) one can fit the pa-
rameters ρ, η and ∆ to the experimental values of
∆mBd and | εK |. This way we find 17 a model
independent constraint
∆
∆W
< 3 (11)
for
√
f2BdBBd in the range (160 - 240) GeV and
BK in the range (0.6 - 0.9) GeV. In the next step,
this result can be used to limit the allowed range
of the stop and chargino masses and mixings. The
parameter space which is relevant for an increase
in Rb gives large contribution to ∆. It is still con-
sistent with the bound but requires modified (com-
pared to the SM) values of the CP -violating phase
δ(η, ρ).
2.4 Have light superpartners already been discov-
ered?
A considerable attention during this conference
has been paid to the two interesting pieces of ex-
perimental information: a single event e+e−γγ +
mising ET has been reported by the CDF and the
results from the LEP 1.5 run at
√
s = 136 GeV in-
clude peculiar four jet events reported by ALEPH.
Both findings should be taken with extreme cau-
tion and are likely to be a statistical fluctuation b.
Nevertheless, they generated some speculations on
being a possible manifestation of supersymmetry.
The CDF event can be interpreted as a selectron
pair production with a subsequent chain decay:
pp¯→ e˜+e˜− → (e+X2)(e−X2)→
→ (e+X1γ)(e−X1γ) (12)
where X1 is the LSP which carries the missing
energy and X2 is next-to-the LSP particle. The
event can be interpreted in two possible ways 18:
a) X2 - neutralino (gaugino)
X1 - neutralino (higgsino)
bAt the time of this writing (October 96) no more two-
photon events have been reported. Four-jet events are nei-
ther ruled out nor confirmed after the run at
√
s = 161
GeV.
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The signatures of the event are reproduced for
mX2−mX1 ≥ 30 GeV, tanβ ∼ 1 and ”nonunified”
gaugino masses M1 ≈ M2. This interpretation is
consistent with a light supersymmetric spectrum
of the type discussed earlier (in particular, the one
which may give some enhancement in Rb).
b) X2 - neutralino
X1 - gravitino (G˜) with BR(X2 → G˜γ) ∼ 1,
MX2 ≤ 100 GeV, mG˜ ≤ 250 eV (for X2 to
decay in the detector)
This second interpretation fits nicely into the ideas
of the so-called gauge mediated low energy super-
symmetry breaking 19.
The supersymmetric interpretation of the
ALEPH four-jet events is also possible, though not
strikingly ”natural”. Their main signatures (the
absence of missing energy and of b-quark jets) can
be consistant with the so-called light gluino sce-
nario 20 or otherwise needs broken R-parity. In
the latter case the events can be interpreted as a
sneutrino pair production 21 or the right-handed
stop pair production (the cross section for the t˜R
is a bit low but not necessarily inconsistent with
the data averaged over all four experiments) with
subsequent R-parity violating decay into a pair
of quarks, or production of a pair of charginos
which then decay C+ → t˜Rb → qqb, provided
mC+ ≈Mt˜R so that the b-quark is slow enough to
be invisible 22. It is fair to wait for experimental
clarification before speculating further.
3 Summary
The SM is impressively succesful in its global de-
scription of the precision electroweak data. Nev-
ertheless, there still persist several important ex-
perimental uncertainties in the observables which
are very relevant for the theory, in particular for
new physics. These are Rb, sin
2 θlepteff and Ab.
Fits to precision data give some indication for
a light, O(100) GeV, Higgs boson but this evidence
is much less significant than the analogous pre-
diction for the top quark mass. The discovery of
the Higgs boson and, particularly, its mass remain
important clues to physics beyond the SM. Light
versus heavy Higgs boson has its correspondence
in supersymmetry versus dynamical electroweak
symmetry breaking.
Supersymmetric extension of the SM is not
only theoretically motivated but naturally accom-
modates the success of the SM, even with some
superpartners with masses m ≤ MZ . This is a
consequence of the structure of the theory and not
of fine-tuning of its parameters.
Very light superpartners (e.g. C±, t˜R, N
0,
. . .) may have important effects on few selected
observables such as Rb, b→ sγ ,B0-B¯0, . . . which,
however, require still better experimental accuracy
to be confirmed.
We have a couple of exotic experimental ob-
servations which could find their interpretation in
the supersymmetric framework. Extreme caution
with any firm conclusion is, however, adviced be-
fore further experimental clarification.
And finally, the supersymmetric extension of
the SM provides at present the only theoretical
scheme which gives us consistent and quantita-
tive weak scale- GUT scale connection. There-
fore, such ideas as gauge coupling unification and
infrared fixed point structures can and have been
extensively studied23, with clear connection to the
low energy phenomenology. Moreover, the two
pressing problems in supersymmetric phenomenol-
ogy: the ”theory” of soft terms and the flavour
problem, which are likely to have their solution in
physics at the high scale, can hopefully be studied
experimentally at low energies!
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Questions
Z. Lalak, Warsaw University:
Can you comment on the allowed range of values
of ”tanβ” in supersymmetric models ?
S. Pokorski:
There are several constraints on very low (∼
1) and very large (> mt/mb) values of tanβ. For
instance, with mt = (175 ± 6) GeV, low values
of tanβ are excluded if we require perturbative
Yukawa coupling up to the GUT scale. Precise
value of the bound depends on the running of
the strong coupling constant. E.g. new low mass
SU(5) multiplets push the bound down, closer to
one.
J.M. Izen, University of Texas at Dallas:
Both you and Alain Blondel emphasized the
importance of measuring σ(e+e− → hadrons),
especially in the low energy region. In Beijing
we are currently commissioning the BES detec-
tor upgrade, and we will be running in 1996-
97 on the J/ψ where we have the highest event
rate. However, we plan to take 2 weeks of the
run to test the feasibility of an R ≡ σ(e+e− →
hadrons)/σ(e+e− → µ+µ−) scan with BES. In
particular we study whether we can reduce the
energy requirement in our trigger. We have been
using an energy threshold of ∼ 1 GeV for J/ψ, ψ′
and 4.03 Ds, but this would be too high for a to-
tal cross section measurement. We expect ∼ 1000
events per day during an R scan. It will be im-
portant to have a better continuum Monte Carlo
generator in this energy region for this measure-
ment.
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